In this study, vacuum packed natural hazelnut kernels were subjected to gamma irradiation treatments at 0.5, 1 and 1.5 kGy doses. Irradiated and non-irradiated hazelnut kernels were stored at 20°C temperature and 55-60% relative humidity for 18 months. Fatty acid composition of samples was assessed right after irradiation and at 3, 6, 9, 12, 15 and 18 th month of storage duration. Results revealed that irradiation doses did not significantly influence fatty acid composition of hazelnut kernels (p>0.05), but storage durations significantly influenced fatty acid composition (p<0.05).
Introduction
Hazelnut is a cultivar of Fagales order. It belongs to Coryleae sub-genus of Betulaceae family. The genus name is Corylus (Özçağıran et al., 2014) . Hazelnut is a quite significant product for Turkish economy. Turkey is the leading hazelnut producer worldwide. Each year, Turkey produces about 600 000 tons inshell nuts and exports about 70% of this production mostly as natural hazelnut kernels. Annual export revenue is around 1.3 billion dollars (Anonymous, 2017) . Hazelnut is commonly used as snack food mostly as roasted (either inshell or kernel); blanched, chopped, sliced, grinded hazelnuts and hazelnut meals are used in chocolate, cookie and confectionery industries, also used in sweets, cakes, ice cream, in salad dressing. Hazelnut oil, pressed from hazelnuts, is strongly flavored and used as cooking oil (Köksal et al., 2006; Özçağıran et al., 2014; Anonymous, 2016b) .
Hazelnut is quite rich in nutrients. It includes about 55-71% oil and majority of oil is composed of unsaturated fatty acids (about 85-90%). Oleic acid is the major component of unsaturated fatty acids (74.9-84.3%) (Botta et al., 1994; Köksal et al., 2006; Kanbur et al., 2013; Rezaei et al., 2014) . Among the other nuts, hazelnut has the greatest oleic content. With regard to oleic acid, hazelnut is followed by pistachio (75%) (Al-Bachir, 2015) , almond (50.41-81.2%) (Askin et al., 2007) , cashew nut (49.08%) (Mexis and Kontominas, 2009a) , chestnut (41%) (Morrone et al., 2015) and walnut (14.92-20.22%) (Pereira et al., 2008) .
Although irradiation is a quite old process, it has recently been used in agricultural products. The processes is now widely used since it is easy to operate, conveniently be used over packed goods, does not leave any chemical residues, does not get in direct contact with the product, does not create a resistance mechanism in pests, does not make the product radioactive.
In Turkey, Food Irradiation Regulation was issued in 1999. Hazelnut was included in 3rd Group food stuff in this regulation. According to regulation, irradiation can be applied to food stuff in this group up to a dose of 1 kGy to prevent infestation and up to 5 kGy to reduce microorganisms or to prolong shelf life.
There are several studies carried out worldwide about irradiation treatments in nuts (Al-Bachir, 2004; Bhattacharjee et al., 2003; Bingöl et al., 2011; Bogunovic et al., 1993; Antonio et al., 2011; Fernandes et al., 2011a; Fernandes et al., 2011b; Mexis and Kontominas, 2009a; Mexis and Kontominas, 2009b; Sanchez-Bel et al., 2008; Ozyardimci et al., 2006; Gecgel et al., 2011; Dogan et al., 2007) . Different irradiation sources and doses were used in these studies and several quality parameters of nuts were assessed.
Number of studies investigating the effects of gamma irradiation on fatty acids of hazelnuts is quite limited (Mexis and Kontominas, 2009b; Geçgel et al., 2011) . In those studies, only the post-treatment changes were assessed. The studies assessing irradiation and storage treatments together are scarcely any. The only study assessing quality parameters of gammairradiated hazelnuts throughout the storage was carried out by Koç Güler et al. (2017) .
A study investigating the changes encountered in fatty acids of gamma-irradiated natural hazelnut kernel throughout the storage was not come across. It is quite unfortunate not to have such a study on hazelnut with quite rich oil content majority of which composed of unsaturated fatty acids. Gamma irradiation is used as an alternative to chemical treatments and hazelnut kernels have quite long storage durations. Polyunsaturated fatty acids are highly affected by irradiation (Çetinkaya et al., 2010) . Therefore, it is considered important to examine the changes in the fatty acids of gammairradiated hazelnuts during the storage period. The present study is the first and the only study investigating the changes in fatty acid composition of gamma-irradiated natural hazelnut kernels throughout 18-month storage duration.
In present study, natural hazelnut kernels were subjected to gamma irradiation at 0.5, 1 and 1.5 kGy doses and stored at 20°C and 55-60% relative humidity for 18 months. Then, the changes in fatty acid composition of irradiated kernels were investigated.
Material and Method

Hazelnut samples
The natural nut kernels of the year 2012 were used as the experimental material of this study. Materials were purchased from "Gürsoy Agricultural Products Food Industry and Trade Co." operating in Ordu province. Materials were of levant quality group coming from the coastline of Ordu locality. Experimental materials were supplied as they were used in the company, in other words without any cultivar selection. The kernel diameter range was 9-15 mm.
The hazelnut kernels used in this study were placed and vacuumed in polyethylene bags as to have 200 g in each bag and they were not subjected to any disinfection or disinfestation processes. The specifications for polyethylene bags were supplied from the company and presented in Table 1 . Vacuumed packs were then placed in parcels and sent to "Gamma Pak Sterilization Industry and Trade Co." operating in Tekirdağ Çerkezköy. Samples were subjected to gamma irradiation treatments using 60Co irradiator (MDS Nordion, Canada) at 0.5, 1 and 1.5 kGy doses. Absorbed doses were monitored with a Harwell Amber Perspex dosimeter. Irradiated samples coming from Gamma Pak were subjected to initial fatty acid composition analyses before to place them into storages. Analyzed samples were then stored at 20°C and 55-60% relative humidity for 18 months. In storage, four sample groups were formed as of control (0 kGy), 0.5 kGy, 1 kGy and 1.5 kGy irradiated in 3 replications. Analyses were performed in three-month intervals.
Fatty Acid Composition
Fatty acid rates (%) were determined through reading cold-extracted phase in a gas chromatography device and interpreting the resultant graph.
Oil extraction was performed through cold extraction method not requiring heat treatment to prevent the distortion of fatty acids. In this method, initially 30 g grinded natural kernel sample was mixed with oil dissolvent hexane in a closed Erlenmeyer flask and shaken in a shaker (IKA labortechnik K5501 digital) for two hours at a high speed (about 280 rpm). Following this process, the sample oil turned into a solution with hexane and resultant solution was filtered through glass-wool into a beaker. The solvent was removed from the solution and crude oil was then obtained (Başoğlu, 1987) .
Before fatty acid analyses, crude oil samples were subjected to esterification process (Anonymous, 2000) . In this process, 0.5 g crude oil was placed into 10 ml screw-cap test tube and the samples were supplemented with 1 ml 2 N methanolic KOH solution and 7 ml n-Hexane and resultant mixture was centrifuged at 7000 rpm for 30 minutes. In this way, upper phase was clarified. The upper phase including fatty acid metal esters was placed into special glass bottles before mixed into the other phase and made ready for injection into gas chromatography (Agilent Technologies 6890N, CA, USA). With an automatic sampling apparatus (HP7683 B), 1 µl gas sample was taken and injected into the device. Analysis was carried out by using 60 m-long "Spelco 2380" brand capillary column (60 m x 0.25 mm i.d., 0.20 µm film thickness; Supelco, Bellefonte, PA, USA). Resultant peaks were identified with the aid of fatty acid standard (SupelcoTM 37 Component FAME mix, Supelco, Bellefonte, PA, USA). Peak times and areas were calculated and fractions were determined and expressed in % fatty acid.
Experimental Design and Statistical Analyses
Experiments were conducted in randomized plots experimental design with 3 replications. Dose factor was composed of 4 levels as of control, 0.5 kGy, 1 kGy and 1.5 kGy and storage function was composed of 7 levels as of initial, 3, 6, 9, 12, 15 and 18 months. Data normality was checked with Anderson-Darling test and variance homogeneity was checked with Levene test. The data complying with the relevant assumptions were subjected to two-way ANOVA test and different means were tested with Tukey's multiple comparison test at 5% level. Statistical analyses were carried out with Minitab 17 statistical software.
Results and Discussion
While the effects of different irradiation doses on palmitic acid (C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), linolenic acid (C18:3), total polyunsaturated fatty acids (TPUFA), total unsaturated fatty acids (TUFA), total monounsaturated fatty acids (TMUFA) were not found to be significant, the difference in storage duration factor levels were found to be significant (p<0.05). Tukey's test results are provided in Table 2 .
With regard to total saturated fatty acids (TSFA), irradiation doses, storage durations and dose x storage interaction were not found to be significant (p>0.05).
There were fluctuating changes (either increasing or decreasing) in fatty acids throughout the storage duration (Table 2) . However, except for palmitoleic acid and linolenic acid, the changes in other fatty acids between the beginning and the end of storage were not significant. Irradiation treatments were applied to several nuts and most of them reported that irradiation treatments did not influence fatty acid composition (Lozoya, 2006; Sanchez-Bel et al., 2008; Bhatti et al., 2010; Antonio et al., 2012a; Di Stefano et al., 2014) . On the other hand, irradiation stress may result in slight changes in fatty acid profile (Bhatti et al., 2013) . There are some previous studies reporting decreasing mono and total unsaturated fatty acids and increasing total saturated fatty acids with increasing irradiation doses (Mexis and Kontominas, 2009b; Geçgel et al., 2011) . Contrary to these studies, Fernandes et al. (2011b) indicated that saturated, monounsaturated and polyunsaturated fatty acids were not influenced by storage durations or irradiation treatments, but some special fatty acids (palmitic acid, oleic acid) were influenced from the relevant treatments. Similarly, Al-Bachir (2015) reported decreasing oleic acid, increasing linoleic acid and unchanged other fatty acids with irradiation treatments. Mexis and Kontominas (2009a) reported decreasing oleic acid concentrations and increasing stearic acid concentrations with increasing irradiation doses and also indicated that polyunsaturated fatty acids were not influenced by irradiation treatments. Barreira et al. (2012) , in a study about fatty acids, reported varying lauric, palmitoleic and linolenic acid contents with irradiation doses, but concluded that saturated, mono and polyunsaturated fatty acids were not influenced by both storage durations and irradiation doses. Koyuncu (2004) carried out a study with shelled and kernel nut and reported increasing palmitic and oleic acid contents throughout the storage duration and identified linoleic acid contents as between 12.41-10.35 %.
Conclusion
The effects of gamma irradiation doses (Table 2) and dose x storage duration interaction on fatty acid composition of natural hazelnut kernels were not found to be significant (p>0.05). Irradiation stress may result in slight changes in fatty acid profile (Bahatti et al., 2013) . However, it was indicated in several studies with nuts that irradiation treatments did not influence fatty acid composition of the kernels (Lozoya, 2006; Gölge and Ova, 2008; Sanchez-Bel et al., 2008; Bahatti et al., 2010; Antonio et al., 2012; Di Stefano et al., 2014) . Foods containing lipids are particularly affected by O2 during irradiation and can develop off or rancid flavors (Urbain, 1986) . For this reason, it can be considered that the use of vacuum packs in the study reduces the effect of irradiation on fatty acids.
Storage duration influenced fatty acid composition (p<0.05) ( Table 2 ). While the effects of storage durations on total unsaturated fatty acids were significant (p<0.05), effects on total saturated fatty acids were not found to be significant (p>0.05). However, the TUFA / TSFA ratio decreased at the end of storage period. Similar with the present findings, Koyuncu (2004) , Koyuncu et al. (2005) and Ghirrardello et al. (2013) reported significant effects of storage durations on fatty acids.
